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INFORMATION COLLECTION SYSTEM
AND INFORMATION COLLECTION
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-

cation No. 2017-249340 filed on Dec. 26, 2017 which 1s
hereby incorporated by reference herein in its entirety.

BACKGROUND

Technical Field

The present disclosure relates to a system and apparatus
that collects information using mobile objects.

Description of the Related Art

There have been developed systems that perform surveil-
lance over an area using mobile objects. For example, Patent
literature 1 1n the citation list presented below discloses a
system that collects 1mages using terminals provided in
mobile objects to create a virtual surveillance network.

Various studies have been performed on development of
services using mobile objects that are capable of moving
autonomously. For example, Patent literature 2 1n the cita-
tion list discloses a tratlic system for transportation of
passengers and/or goods that dispatches autonomous
vehicles on users’ demand.

Vehicles described 1n Patent Literature 2 can be used as
the mobile objects described 1n Patent Literature 1 to con-
struct a system that 1s capable of collecting increased
amount of information.

Patent Literature 3 1n the citation list discloses a technol-
ogy pertaining to the detection of vehicle speeding viola-
tions. In this technology, each vehicle sends information
about its position and speed to a server, and the server
compares that information with mformation about the legal
speed to detect a speeding violation by the vehicle.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Application Laid-
Open No. 2016-181239

Patent Literature 2: Japanese Patent Application Laid-
Open No. 2015-092320

Patent Literature 3: Japanese Patent Application Laid-
Open No. 2004-326492

SUMMARY

There are known systems that automatically detects
vehicle speeding violations. For example, there 1s a known
system including a vehicle speed monitor for monitoring the
vehicle speed that 1s provided on the roadside of a road on
which vehicle speed violations are to be cracked down.
While this system can automatically detect vehicle speeding
violations by the vehicle speed monitor provided on the
roadside, 1t cannot detect vehicle speed violations 1n sections
of the road for which the vehicle speed monitor is not
provided. The technology described in Patent Literature 3
enables detection of vehicle speeding violations without the
provision of a vehicle speed monitor on the roadside.
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2

However, 1n cases where a vehicle 1s not equipped with
means for sending information about 1ts position and speed
to the server, the server cannot detect speeding violation by
that vehicle.

Even 1f images have been collected 1n an area by utilizing
the technology described in Patent Literature 1, 1t 1s difhicult
to detect traflic violations by such images.

As above, technologies for detecting vehicle tra
lations are susceptible to improvement.

The present disclosure has been made 1n view of the
above problems. An object of the present disclosure 1s to
provide a technology that enables crackdown on vehicle
traflic violations to be carried out in a preferable manner.

In the disclosure, the “crackdown” includes at least one of
detecting traflic violations, and/or notifying the fact of the
violation to the police force, to impose penalties to the
violator.

An 1information collection system according to the present
disclosure 1s a system comprising an autonomous mobile
object and a server apparatus. Specifically, the autonomous
mobile object comprises a driving information acquirer
configured to acquire driving information relating to the
state of driving of a nearby vehicle, which 1s defined as a
vehicle present in the vicimity of the autonomous mobile
object, an 1image acquirer configured to capture an image of
the environment of the autonomous mobile object, a detector
configured to detect a tratlic violation by the nearby vehicle
on the basis of the driving information acquired by the
driving information acquirer, and a controller configured to
send violation information relating to the traflic violation
detected by the detector to the server apparatus. The server
apparatus comprises a commander configured to send the
operation command to the autonomous mobile object and a
first storage unit configured to receive the violation infor-
mation from the autonomous mobile object and store it.
When the traflic violation 1s detected by the detector, the
controller sends a captured 1mage relating to the violator’s
vehicle acquired by the image acquirer and the driving
information about the violator’s vehicle acquired by the
driving information acquirer to the server apparatus as the
violation information.

The autonomous mobile object 1s a mobile object that
moves autonomously on the basis of a certain operation
command. The autonomous mobile object may be an
autonomous vehicle. The operation command 1s information
including, for example, information about a destination
and/or a travel route and mformation about a service to be
provided by the autonomous mobile object on the route. For
example, 1n the case where the autonomous mobile object 1s
intended for transportation of passengers and/or goods, the
operation command may be a command that causes the
autonomous mobile object to transport passengers and/or
goods along a predetermined route. In the case where the
autonomous mobile object 1s imntended for transportation of
a shop, facility, or equipment, the operation command may
be a command that causes the autonomous mobile object to
travel to a certain destination, and prepare the shop, facility,
or equipment for service at that place.

The autonomous mobile object has the driving informa-
tion acquirer for acquiring certain information about the
state of driving of vehicles present 1n the vicinity of the
autonomous mobile object (or nearby vehicles). This infor-
mation will be hereimnatter referred to as “driving informa-
tion”. The autonomous mobile object can acquire the driving
information about nearby vehicles by using the driving
information acquirer while autonomously moving on the
basis of an operation command. The autonomous mobile
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object also has the detector for detecting a traffic violation by
a nearby vehicle. In other words, the autonomous mobile
object can detect traflic violations by nearby vehicles while
autonomously moving on the basis of an operation com-
mand. In the case where the autonomous mobile object
travels along a predetermined route based on an operation
command, the autonomous mobile object can detect traflic
violations by nearby vehicles 1n that route.

The autonomous mobile object also has the controller
configured to send certain information relating to a detected
traflic violation to the server apparatus. This information
will be hereinafter referred to as “violation information™.
The server apparatus 1s an apparatus that performs manage-
ment of the autonomous mobile object by sending operation
commands to 1t and receives and stores violation informa-
tion sent from the autonomous mobile object.

In order to actually crack down on the violator on the
basis of the detected traflic violation, 1t 1s necessary to
identify the violator’s vehicle. For this purpose, the autono-
mous mobile object sends a captured 1mage relating to the
violator’s vehicle acquired by 1ts image acquirer to the
server apparatus with the driving information about the
violator’s vehicle as the violation information. Thus, the
server apparatus can get detailed imnformation of the traflic
violation detected by the autonomous mobile object and
identify the violator’s vehicle.

The above-described information collection system may
include a plurality of autonomous mobile objects. Moreover,
the travel routes of the autonomous mobile objects can be set
in desired manners by operation commands. Therefore, the
information collection system according to the present dis-
closure can construct a network of crackdown on traflic
violations using autonomous mobile objects in any desired
manner. This enables appropriate crackdown on vehicle
traflic violations.

The atorementioned traflic violation may include speed-
ing 1n excess of the legal speed limait. In that case, the driving
information acquirer may acquire the speed of the nearby
vehicle as the driving information, and the detector may
detect speeding of the nearby vehicle 1n excess of the legal
speed limit as the tratlic violation.

The aforementioned tratlic violation may include failure
in maintaining a suilicient inter-vehicle distance. In that
case, the driving information acquirer may sense a plurality
of vehicles that pass by the side of the autonomous mobile
object to thereby acquire the inter-vehicle distance between
the plurality of vehicles as the driving information, and the
detector may detect failure by the nearby vehicle 1n main-
taining a suflicient inter-vehicle distance as the traflic vio-
lation.

The types of trafhic violations are not limited to those
mentioned above. The information collection system
according to the present disclosure enables appropriate
crackdown on known traflic violations.

In the information collection system according to the
present disclosure, the captured 1mage relating to the viola-
tor’s vehicle acquired by the 1image acquirer may comprise
an 1mage ol a license plate of that vehicle. This enables
reliable 1dentification of the violator’s vehicle. The captured
image relating to the violator’s vehicle acquired by the
image acquirer may comprise an image of the driver of that
vehicle. This facilitates the identification of the violator as
the driver of that vehicle.

In the mformation collection system according to the
present disclosure, the autonomous mobile object may fur-
ther comprise a notifier configured to provide a notice that
provides enlightenment about a certain traflic 1ssue. Then,
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4

the information collection system can provide enlighten-
ment aiming at prevention of trathic violation to the drivers
of vehicles present around the autonomous mobile object by
the autonomous mobile object. This can lead to a reduction
of traflic violations.

According to another aspect of the present disclosure,
there 1s provided an information collection apparatus. Spe-
cifically, the information collection apparatus according to
the present disclosure comprises an autonomous mobile
object that moves autonomously on the basis of an operation
command, a driving information acquirer provided in the
autonomous mobile object configured to acquire driving
information relating to the state of driving of a nearby
vehicle, which 1s defined as a vehicle present in the vicinity
of the autonomous mobile object, an 1mage acquirer pro-
vided 1n the autonomous mobile object configured to capture
an 1mage of the environment of the autonomous mobile
object, a detector configured to detect a traihic violation by
the nearby vehicle on the basis of the driving information
acquired by the driving information acquirer, a second
storage unit provided in the autonomous mobile object
configured to store violation information relating to the
traflic violation detected by the detector, and a controller
provided in the autonomous mobile object. When the trathic
violation 1s detected by the detector, the controller stores a
captured 1mage relating to the violator’s vehicle acquired by
the 1mage acquirer and the driving information about the
violator’s vehicle acquired by the driving information
acquirer in the second storage unit as the violation informa-
tion.

According to another aspect of the present disclosure,
there 1s provided an information collection system or an
information collection apparatus including at least one of the
above-described means. According to still another aspect of
the present disclosure, there 1s provided a method carried out
by the above-described information collection system or
information collection apparatus. The processing and means
described above may be employed in any combinations, as
far as 1t 1s technically feasible to do so.

The present disclosure enables crackdown on traflic vio-
lations to be carried out 1n a preferable manner.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 indicates the basic system configuration of an
information collection system according to a first embodi-
ment.

FIG. 2 1s a block diagram indicating exemplary elements
of the mnformation collection system.

FIG. 3 indicates the outer appearance of an autonomous
vehicle 100.

FIG. 4 1s a diagram indicating datatlow between elements
of the system.

FIG. 5 1s a diagram indicating an exemplary road net-
work.

FIG. 6 1s a flow chart of a process executed by the
autonomous vehicle 100 when performing a violation crack-
down operation according to the first embodiment.

FIG. 7A indicates a first exemplary image output on an
outside display according to a third embodiment.

FIG. 7B indicates a second exemplary image output on
the outside display according to the third embodiment.

FIG. 8 1s a flow chart of a process executed by the
autonomous vehicle 100 when performing a violation crack-
down operation according to a fourth embodiment.
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DETAILED DESCRIPTION

First Embodiment

<QOutline of the System>

The general configuration of an information collection
system according to a first embodiment will be described
with reference to FIG. 1. The information collection system
according to the first embodiment includes a plurality of
autonomous vehicles 100A, 100B, . . ., 100 that can run
autonomously on the basis of commands given thereto and
a server apparatus 200 that sends the commands. The
autonomous vehicle 100 1s a self-dniving vehicle that pro-
vides a predetermined service. The server apparatus 200 1s
an apparatus that performs management of the plurality of
autonomous vehicles 100. In the following, the plurality of
autonomous vehicles will be collectively referred to as
autonomous vehicles 100, when 1t 1s not necessary to
distinguish individual vehicles.

The autonomous vehicles 100 are multipurpose mobile
objects that may individually have different functions and
can travel on the road autonomously without a human driver.
Examples of the autonomous vehicles 100 include vehicles
that travel along a predetermined route to pick up and drop
ofl persons, on-demand taxis that operate on users’ demand,
and mobile shops that enable shop operation at a desired
destination. In the case where the autonomous vehicles 100
are intended for transportation of passengers and/or goods,
they may transport passengers and/or goods along a prede-
termined route. In the case where the autonomous vehicles
100 are intended for transportation of a shop, facility, or
equipment, they may travel to a destination, and the shop,
tacility, or equipment may be prepared for operation at that
place. The autonomous vehicles 100 may be vehicles that
patrol on the road for the purpose of monitoring facilities
and/or infrastructures or preventing crimes. In that case, the
autonomous vehicles 100 may be configured to travel along
a predetermined patrol route. The autonomous vehicles 100
are also called as electric vehicle palettes (EV palettes).

The autonomous vehicles 100 are not required to be
vehicles without humans. For example, a sales stafi(s), a
customer service attendant(s), or an operation monitoring
crew(s) may be on board. The autonomous vehicles 100 are
not required to be vehicles that can run completely autono-
mously. For example, they may be vehicles that can be
driven by a human driver or accept a human assistance 1n
some circumstances.

Moreover, the autonomous vehicles 100 have the func-
tions ol accepting requests by users, responding to the users,
performing appropriate processing in response to the users’
requests, and reporting the result of processing to the users.
The autonomous vehicles 100 may be configured to transter
the requests by users that they cannot fulfil by themselves to
the server apparatus 200 so as to fulfil them 1n cooperation
with the server apparatus 200.

The server apparatus 200 1s an apparatus that directs the
operation of the autonomous vehicles 100. For example, 1n
the case where the autonomous vehicles 100 are on-demand
taxis, the server apparatus 200 receives a request by a user
to get a location to which an autonomous vehicle 100 1s to
be dispatched and the user’s destination. Then, the server
apparatus 200 sends to an autonomous vehicle 100 that i1s
running in the neighborhood of the requested location a
command to the effect that the autonomous vehicle 100 1s to
transport a person(s) ifrom the place of departure to the
destination. This command can cause the autonomous
vehicle 100 to travel along a specific route. The operation
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commands are not limited to commands that cause an
autonomous vehicle to travel from a place of departure to a
destination. Examples of other operation commands may
include a command that causes an autonomous vehicle 100
to travel to a determined destination to open a shop at that
place and a command that causes an autonomous vehicle
100 to survey streets while traveling along a determined
route. As above, operation commands may specily opera-
tions to be done by autonomous vehicles 100 besides
traveling.

Besides the above-described functions, the server appa-
ratus 200 in the information collection system according to
this embodiment has the function of causing an autonomous
vehicle 100 to collect certain information relating to trathic
violations (which will be hereinatter referred to as “violation
information”) by vehicles present around that autonomous
vehicle 100 (which will be hereinatter referred to as “nearby
vehicles™), when a request for crackdown on traflic viola-
tions 1s made by the police. Specifically, in response to the
request for crackdown, the autonomous vehicle 100 collects
information about the state of driving of nearby vehicles
(which will be hereinafter referred to as “driving informa-
tion”) while traveling along a certain route based on an
operation command. If the autonomous vehicle 100 detects
a trailic violation by a nearby vehicle on the basis of the
acquired driving information, 1t sends the violation infor-
mation about that vehicle to the server apparatus 200. Thus,
the information collection system enables the police to
check ftraflic violations by vehicles present around the
autonomous vehicle 100 travelling along a certain route.

<System Configuration>

In the following, the elements of the system will be
described 1n detail.

FIG. 2 1s a block diagram indicating an example of the
configuration of the autonomous vehicle 100 and the server
apparatus 200 shown in FIG. 1. The system may include a
plurality of autonomous vehicles 100.

The autonomous vehicle 100 1s a vehicle that runs accord-
ing to a command recetved from the server apparatus 200.
Specifically, the autonomous vehicle 100 creates a traveling,
route on the basis of the operation command received by
wireless communication and travels on the road in an
appropriate manner while sensing the environment of the
vehicle.

The autonomous vehicle 100 has a sensor 101, a posi-
tional mnformation acquisition unit 102, a control unit 103, a
driving unit 104, a communication unit 1035, and an image
output unit 106. The autonomous vehicle 100 operates by
clectrical power supplied by a battery.

The sensor 101 1s means for sensing the environment of
the vehicle, which typically includes a stereo camera, a laser
scanner, LIDAR, radar, or the like. Information acquired by
the sensor 101 1s sent to the control unit 103.

The positional information acquisition unit 102 1s means
for acquiring the current position of the vehicle, which
typically imncludes a GPS receiver. Information acquired by
the positional information acquisition unit 102 1s sent to the
control unit 103.

The control unmit 103 1s a computer that controls the
autonomous vehicle 100 on the basis of the information
acquired through the sensor 101. The control unit 103 1s, for
example, a microcomputer.

The control unit 103 includes as functional modules an
operation plan creation part 1031, an environment perceiv-
ing part 1032, and a travel control part 1033. These func-
tional modules may be implemented by executing programs
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stored 1n storage means, such as a read only memory
(ROM), by a central processing unit (CPU).

The operation plan creation part 1031 receives an opera-
tion command from the server apparatus 200 and creates an
operation plan of the vehicle. In this embodiment, the
operation plan 1s data that specifies a route along which the
autonomous vehicle 100 1s to travel and a task(s) to be done
by the autonomous vehicle 100 1n a part or the entirety of
that route. Examples of data included 1n the operation plan

are as follows.
(1) Data Specitying a Route Along which the Vehicle 1s to

Travel by a Set of Road Links

The route along which the vehicle 1s to travel may be
created automatically from a given place of departure and a
given destination with reference to map data stored in the
storage means. Alternatively, the route may be created using
an external service.

(2) Data Specitying a Task(s) to be Done by the Vehicle

at a Certain Location(s) in the Route

Examples of the tasks to be done by the vehicle include,
but are not limited to, picking up or dropping off a person(s),
loading or unloading goods, opening or closing a mobile
shop, collecting data, and outputting an 1image (on an outside
display that will be described later).

The operation plan created by the operation plan creation
part 1031 1s sent to the travel control part 1033, which will
be described later.

The environment perceiving part 1032 perceives the envi-
ronment around the vehicle using the data acquired by the
sensor 101. What 1s perceived includes, but 1s not limited to,
the number and the position of lanes, the number and the
position of other vehicles present around the vehicle, the
number and the position of obstacles (e.g. pedestrians,
bicycles, structures, and buildings) present around the
vehicle, the structure of the road, and road signs. What 1s
perceived may include anything that 1s useful for autono-
mous traveling.

The environment percerving part 1032 may track a per-
ceived object(s). For example, the environment perceiving
part 1032 may calculate the relative speed of the object from
the difference between the coordinates of the object deter-
mined 1n a previous step and the current coordinates of the
object.

The data relating to the environment acquired by the
environment percerving part 1032 i1s sent to the travel
control part 1033, which will be described below. This data
will be hereinafter referred to as “environment data”.

The travel control part 1033 controls the traveling of the
vehicle on the basis of the operation plan created by the
operation plan creation part 1031, the environment data
acquired by the environment perceiving part 1032, and the
positional information of the vehicle acquired by the posi-
tional information acquisition unit 102. For example, the
travel control part 1033 causes the vehicle to travel along a
predetermined route 1n such a way that obstacles will not
enter a specific safety zone around the vehicle. A known
autonomous driving method may be employed to drive the
vehicle.

The driving unit 104 1s means for driving the autonomous
vehicle 100 according to a command issued by the travel
control part 1033. The driving unit 104 includes, for
example, a motor and inverter for driving wheels, a brake,
a steering system, and a secondary battery.

The communication unit 105 serves as communication
means for connecting the autonomous vehicle 100 to a
network. In this embodiment, the communication unit can
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communicate with another device (e.g. the server apparatus
200) via a network using a mobile communication service
based on e.g. 3G or LTE.

The communication unit 105 may further include com-
munication means for inter-vehicle communication with
other autonomous vehicles 100.

The 1mage output umt 106 1s means for outputting an
image on the outside display provided on the vehicle body.
FIG. 3 indicates an example of the outer appearance of the
autonomous vehicle 100. As shown 1n FIG. 3, the autono-
mous vehicle 100 has a plurality of displays provided on the
outside of the vehicle body, onto which 1mages can be
output. The outside displays may be liquid crystal displays
or displays composed of LED matrices. The image output
umt 106 can create or obtain an 1image on the basis of data
included 1n the operation plan and output 1t onto the outside
display.

The autonomous vehicle 100 has a camera 107 provided
on 1ts body. The camera 107 1s an 1imaging device using an
image sensor such as a charge-coupled device (CCD), metal
oxide semiconductor (MOS), or complementary metal oxide
semiconductor (CMOS) sensor.

As shown 1n FIG. 3, the autonomous vehicle 100 accord-
ing to this embodiment has the on-vehicle camera 107,
which can capture images (still images or moving 1images).
The autonomous vehicle 100 has a plurality of such cameras
107, which are provided on different portions (e.g. the front,
rear, and right and left sides) of the vehicle body.

Now, the server apparatus 200 will be described.

The server apparatus 200 1s configured to manage the
position of the running autonomous vehicles 100 and send
operation commands. For example, in the case where the
server apparatus 200 receives from a user a request for
dispatch of a taxi, the server apparatus 200 obtains the
location of departure and the destination and sends an
operation command to an autonomous vehicle 100 that i1s
running in the neighborhood of the place of departure and
capable of serving as a taxi.

The server apparatus 200 has a communication unit 201,
a control unit 202, and a storage unit 203.

The communication unit 201 1s, as with the above-
described communication unit 105, a communication inter-
face for communication with autonomous vehicles 100 via
a network.

The control unit 202 1s means for performing overall
control of the server apparatus 200. The control unit 202 1s
constituted by, for example, a CPU.

The control unit 202 includes as functional modules a
vehicle information management part 2021, an operation
command creation part 2022, and an external service pro-
viding part 2023. These tunctional modules may be 1imple-
mented by executing programs stored 1n storage means, such
as a read only memory (ROM), by the CPU.

The vehicle information management part 2021 manages
a plurality of autonomous vehicles 100 that are under 1ts
management. Specifically, the vehicle information manage-
ment part 2021 receives positional information from the
plurality of autonomous vehicles 100 at predetermined inter-
vals and stores the information in association with the date
and time 1n the storage unit 203, which will be described
later. Moreover, the vehicle information management part
2021 holds and updates data about characteristics of the
autonomous vehicles 100, if necessary. This data will be
hereinafter referred to as “vehicle information”. Examples
of the vehicle information include, but are not limited to, the
identification of each autonomous vehicle 100, the service
type, information about the location at which each vehicle 1s
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on standby (e.g. car shed or service oflice), the door type, the
vehicle body size, the carrying capacity, the maximum
number of passengers, the full charge driving range, the
present (or remaining) driving range, and the present status
(such as empty, occupied, running, or under operation etc.).

When a request for dispatch of an autonomous vehicle
100 1s recerved from outside, the operation command cre-
ation part 2022 determines the autonomous vehicle 100 to be
dispatched and creates an operation command according to
the vehicle dispatch request. Examples of the vehicle dis-
patch request are, but not limited to, as follows.

(1) Request for Transportation of Passengers or Goods

This 1s a request for transportation of a passenger(s) or
goods with designation of a place of departure and a
destination or a route to be followed.

(2) Request for Dispatch of an Autonomous Vehicle Having
a Specific Function

This 1s a request for dispatch of an autonomous vehicle
100 that has a specific function, such as the function as a
shop (e.g. eating house, sales booth, or showcase), an office
ol a business entity (e.g. private oflice or service oflice), or
a public facility (e.g. branch of a city oflice, library, or
clinic). The place to which an autonomous vehicle 1s to be
dispatched may be either a single place or multiple places.
In the case of multiple places, service may be provided at
cach of the places.

(3) Request for Patrol on the Road

This 1s a request for patrol on the road for the purpose of
monitoring facilities and/or infrastructures or preventing
Crimes.

Vehicle dispatch requests are received from users via, for
example, a network. The sender of a vehicle dispatch request
1s not necessarily an ordinary user. For example, the orga-
nization that provides the service with the autonomous
vehicles 100 may send a vehicle dispatch request.

The autonomous vehicle 100 to which an operation com-
mand 1s to be sent 1s determined taking account of the
positional information of the vehicles and the vehicle infor-
mation (indicating what function each vehicle has) that the
vehicle imnformation management part 2021 has received.

The external service providing part 2023 sends to an
autonomous vehicle 100 that 1s under operation according to
an operation command 1t has received a further operation
command based on a crackdown request.

Specifically, in response to a crackdown request sent from
the police, the external service providing part 2023 causes
the autonomous vehicle 100 to travel along a certain route to
collect violation information about nearby vehicles. Such an
operation of the autonomous vehicle 100 will be hereinafter
referred to as “violation crackdown operation”. Details of
the violation crackdown operation will be described later.

The storage unit 203 1s means for storing information,
which 1s constituted by a storage medium such as a RAM,
a magnetic disc, or a flash memory.

<Operations Under Normal Circumstances>

Processing that 1s performed by each of the above-
described components will now be described. FIG. 4 15 a
diagram 1illustrating datatflow during the process 1n which the
server apparatus 200 creates an operation command based
on a request by a user and an autonomous vehicle 100 starts
to operate. Here, a case 1mn which the autonomous vehicle
100 runs 1n a road network shown i FIG. 5 will be described
by way of example.

The autonomous vehicle 100 periodically sends positional
information to the server apparatus 200. For example, 1n the
case shown 1n FIG. 5, the autonomous vehicle 100 informs
the server apparatus 200 of 1ts location at node A, and the
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vehicle information management part 2021 stores the asso-
ciation of the autonomous vehicle 100 with node A as data
in the storage unit 203. The positional information 1s not
necessarily positional information of a node 1itself. For
example, the positional information may be information that
specifies a node or link. A link may be divided mnto a
plurality of sections. The road network 1s not necessarily a
network represented by nodes and links. The positional
information 1s updated every time the autonomous vehicle
100 moves.

If a user sends a vehicle dispatch request to the server
apparatus 200 by communication means (step S11), the
server apparatus 200 (specifically, the operation command
creation part 2022) creates an operation command according
to the vehicle dispatch request (step S12). The operation
command may designate a place of departure and a desti-
nation or only a destination. Alternatively, the operation
command may designate a travel route. The operation com-
mand may 1nclude information about a task to be done or a
service to be provided on the route. Here, a case 1n which a
request for transportation of a person from node B to node
C 1s made will be described.

In step S13, the operation command creation part 2022
selects an autonomous vehicle 100 that 1s to provide the
service. For example, the operation command creation part
2022 determines an autonomous vehicle 100 that can pro-
vide the requested service and can be delivered to the user
within a predetermined time, with reference to the stored
positional information and vehicle information of the
autonomous vehicles 100. Here, let us assume that the
vehicle located at node A 1n FIG. 5 15 selected. Conse-
quently, the server apparatus 200 sends an operation com-
mand to the selected autonomous vehicle 100 (step S14).

In step S15, the autonomous vehicle 100 (specifically, the
operation plan creation part 1031) creates an operation plan
on the basis of the operation command it has received. In the
case described here, for example, the autonomous vehicle
100 creates an operation plan to the effect that the autono-
mous vehicle 100 is to travel along the route indicated by the
solid arrows 1n FIG. 3, pick up and drop off a person at node
B and node C respectively, and return to node D. The
operation plan thus created 1s sent to the travel control part
1033, and then the operation 1s started (step S16). Positional
information 1s sent to the server apparatus 200 periodically
during the operation also.

While 1in the above-described case the operation com-
mand 1s created on the basis of a vehicle dispatch request
sent from an external source (1.e. a user), the operation
command does not necessarily have to be created on the
basis of a vehicle dispatch request sent from an external
source. For example, the server apparatus 200 may create an
operation command autonomously. Moreover, the creation
of an operation plan does not necessarily have to be based
on an operation command. For example, in cases where an
autonomous vehicle 100 performs patrol for the purpose of
surveying streets, the autonomous vehicle 100 may create an
operation plan without receiving external instructions. Alter-
natively, an operation plan may be created by the server
apparatus 200.

<Operations During Violation Crackdown>

Next, the operation of the system 1n cases where a
crackdown request 1s made to the server apparatus 200 by
the police will be described.

Firstly, the police sends to the server apparatus 200 a
crackdown request, namely a request for collection of vio-
lation 1information, mnstead of the vehicle dispatch request 1n
step S11 of the above described process. The request for
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collection of information includes information about a sec-
tion of a road in which wviolation information 1s to be
collected. This section will be hereinafter referred to as the
“collection section”.

After receiving the request for collection of violation
information, the server apparatus 200 (specifically, the exter-
nal service providing part 2023) creates an operation com-
mand to the effect that an autonomous vehicle 100 1s to
collect violation information 1n the collection section and
determines the autonomous vehicle 100 that 1s to perform
the violation crackdown operation by a process similar to
that described above as steps S12 and S13.

In the case described here, let us assume that the collec-
tion section 1s the section EF from node E to node F.
Furthermore, let us assume that an autonomous vehicle 100
that 1s presently located at node B and planned to drop off
a person(s) at node C 1s selected as the autonomous vehicle
100 to perform violation crackdown operation.

FIG. 6 1s a flow chart of a process performed by an
autonomous vehicle 100 that has received a crackdown
request.

Firstly 1 step S21, 1t 1s determined whether or not to
accept the crackdown request. There may be situations 1n
which the autonomous vehicle 100 had better not accept the
crackdown request because of its own emergency. An
example of such situations 1s that the autonomous vehicle
100 1s employed by a medical mstitution and presently
transporting a patient. In such cases, the autonomous vehicle
100 may determine not to accept the crackdown request. The
autonomous vehicle 100 may consult the user on board and
accept the crackdown request only when user’s consent 1s
obtained.

In step S22, the autonomous vehicle 100 creates a viola-
tion crackdown operation plan, namely creates a travel route
based on the crackdown request, and runs for the collection
section along that travel route. In the case described here, a
travel route including the collection section EF 1s created,
and the autonomous vehicle 100 runs for the section EF.
Specifically, as shown by the solid arrows 1 FIG. 5, a route
from node B to node E, through section EF, and then from
node F to node C is created. This travel route may be
identical to the travel route of the autonomous vehicle 100
that was planned on the basis of a request for transportation
of a person(s) before the reception of the crackdown request
in some cases. If, for example, the travel route planed on the
basis of a request for transportation of a person(s) 1s a route
from node B to node C through nodes G and F, the travel
route 1s changed in the processing of step s22 to a route from
node B to node E, through section EF, and then from node
F to node C.

While travelling in section EF, the autonomous vehicle
100 acquires driving information of nearby vehicles to check
traflic violations by the nearby vehicles (step S23). In the
case described here, the autonomous vehicle 100 measures
the speed of the nearby vehicles as the dniving information
and detects speeding of the nearby vehicles 1n excess of the
legal speed limit as a tratlic violation.

The autonomous vehicle 100 can measure the speed of the
vehicles running ahead and behind of 1t using radars
included in the sensors 101 arranged on the front and rear of
the vehicle body. For example, the autonomous vehicle 100
emits radio waves to a vehicle running ahead of 1t and
determines the speed of the vehicle running ahead of 1t from
the frequency of radio waves retlected from that vehicle.

Alternatively, the autonomous vehicle 100 can measure
the speed of nearby vehicles by tracking them using stereo
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cameras included 1n the sensors 101 provided on the front,
rear, and both sides of the vehicle body.

This embodiment 1s not mtended to limit the method of
measuring the speed of nearby vehicles only to those
described above. The autonomous vehicle 100 may measure
the speed of nearby vehicles using any known methods.

In cases where the crackdown request sent from the server
apparatus 200 to the autonomous vehicle 100 1s a request for
crackdown on speeding 1n excess of the speed limit, infor-
mation about the legal speed limit in the section EF 1s
included in the crackdown request. However, information
about the legal speed limait 1s not necessarily included 1n the
crackdown request. In the case where information about the
legal speed limit 1s not included 1n the crackdown request,
the autonomous vehicle 100 may obtain the legal speed limit
by percerving a traflic sign or the like by the environment
percerving part 1032,

The autonomous vehicle 100 detects tratlic violations by
nearby vehicles on the basis of the speed of the nearby
vehicles measured by the sensors 101 and the legal speed
limit 1 the section EF. This detection of trailic violations 1s
performed by the environment perceiving part 1032.

In order to actually crack down on a tratfiic violation by a
vehicle on the basis of the detected tratlic violation, it 1s
necessary to identity that vehicle.

For this purpose, when a traflic violation by a nearby
vehicle 1s detected 1n step S24, the autonomous vehicle 100
captures an 1image(s) relating to that violator’s vehicle using
the camera 107 (step S25). This image 1s used to 1dentify the
violator’s vehicle and includes an 1image of a license plate of
the violator’s vehicle. Moreover, the image may include an
image ol the driver of that vehicle. Moreover, the captured
image may include an image of the outer appearance of the
violator’s vehicle or an image of the environment of the
violator’s vehicle.

In step S26, the autonomous vehicle 100 sends violation
information about the violator’s vehicle to the server appa-
ratus 200. The violation immformation includes information
about the speed of the violator’s vehicle and an 1mage(s)
relating to the violator’s vehicle. Thus, the server apparatus
200 obtains details of the detected traflic violation and can
identify the violator’s vehicle.

The violation information 1s sent from the server appara-
tus 200 to the police. After receiving the violation informa-
tion, the police may notily the violator of the details of the
traflic violation later. In the case of the sort of traflic
violation that 1s considered to require a quick crackdown, a
policeman may be dispatched immediately to the violator’s
vehicle. In that case, the server apparatus 200 may send the
violation information with additional information indicating,
that an immediate crackdown on a malicious trathic violation
1s required.

After traveling through the collection section EF in step
S27, the autonomous vehicle 100 returns to 1ts normal
operation.

As above, according to the first embodiment, a crackdown
request 1s sent to an autonomous vehicle 100 under opera-
tion to cause it to function as a mobile object that checks
traflic violations by vehicles present in the vicinity of that
autonomous vehicle 100. A traflic violation crackdown net-
work constructed using a plurality of such mobile objects
enables crackdown on traflic violations by vehicles to be
carried out 1n a preferable manner.

Second Embodiment

In the above-described first embodiment, speeding of a
nearby vehicle around the autonomous vehicle 100 1n excess
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of the legal speed limit 1s detected as a trailic violation. In
the second embodiment, failure by a nearby vehicle in
maintaining a suilicient inter-vehicle distance 1s detected as
a traflic violation. In other words, violations by nearby
vehicles of a traflic rule that requires a suflicient inter-
vehicle distance are detected. This will be specifically
described 1n the following.

The autonomous vehicle 100 senses a plurality of vehicles
that pass by its side to measure the distance between those
vehicles. Thus, the autonomous vehicle 100 detects a vehicle
whose distance to the vehicle immediately 1n front of 1t 1s too
short, namely a tailgating vehicle.

The autonomous vehicle 100 1s configured to be capable
of sensing a plurality of vehicles passing by 1ts side using a
radar included 1in each of the sensors 101 provided on the
sides thereof. For example, the autonomous vehicle 100
emits radio waves 1n a lateral direction and determines
whether there 1s a vehicle passing by 1ts side or not on the
basis of the time taken until the reception of the reflected
radio waves. The autonomous vehicle 100 continues such
sensing while running to sense vehicles passing by 1ts side.
Then, the autonomous vehicle 100 can determine the dis-
tance between the vehicles passing by 1ts side.

Alternatively, the autonomous vehicle 100 may determine
the distance between a plurality of vehicles passing by its
side by tracking nearby vehicles using stereo cameras
included in the sensors 101 provided on the front, rear, and
both sides of the autonomous vehicle 100.

This embodiment 1s not mtended to limit the method of
determining the inter-vehicle distance only to those
described above. The autonomous vehicle 100 may deter-
mine the inter-vehicle distance using any known methods.

The autonomous vehicle 100 can carry out a violation
crackdown operation by performing the process shown in
FIG. 6 described in the first embodiment. This enables
crackdown on traflic violations by vehicles to be carried out
in a preferable manner.

Third Embodiment

As shown 1 FIG. 3, the autonomous vehicle 100 has
outside displays, onto which images can be output by the
image output unit 106.

In the system according to the third embodiment, the
operation command creation part 2022 of the server appa-
ratus 200 creates or obtains data of an i1mage(s) to be
displayed on the outside displays and creates an operation
command including the image data. Thus, the autonomous
vehicle 100 can provide a notice that calls attention to a
certain traflic 1ssue using the image output unit 106 while
traveling.

For example, the autonomous vehicle 100 may display a
message requesting observance of traifli

ic rules to the drivers
of nearby vehicles as shown i FIG. 7A or a message
indicating that the autonomous vehicle 100 1s performing a
violation crackdown operation as shown 1n FIG. 7B.

While 1n this embodiment the autonomous vehicle 100
provides a notice by an 1image, voice may also be employed.
For example, 1n cases where the autonomous vehicle 100 has
a speaker provided outside the vehicle, a notice may be
provided to people around by voice. The image data and/or
voice data may be included in the operation command.
Alternatively, 1image data and/or voice data stored in the
autonomous vehicle 100 may be used.
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Providing a notice in the above-described manner can
lead to a reduction of trailic violations.

Fourth Embodiment
The system according to the above-described first
embodiment 1s an exemplary information collection system
including autonomous vehicles 100 and a server apparatus
200. The system according to the fourth embodiment 1s an
exemplary 1information collection apparatus 1ncluding
autonomous vehicles 100. This apparatus will be described
in the following specifically.

The autonomous vehicle 100 according to the fourth
embodiment has a storage unit. Operation commands are
stored 1n the storage unit 1n advance. The storage unit 1s
means for storing information, which 1s constituted by a
storage medium such as a RAM, a magnetic disc, or a flash
memory.

The operation commands are plans of violation crack-
down operation that were created 1n advance by the police.
An example of the operation plan 1s “acquiring violation
information 1n a collection section at a designated date and
time”.

FIG. 8 1s a flow chart of a process performed by the
autonomous vehicle 100 according to this embodiment.

The autonomous vehicle 100 that i1s traveling in the
collection section at the designated date and time acquires
driving information about nearby vehicles while traveling 1n
the collection section to check traflic violations by the
nearby vehicles (step S31). This processing 1s the same as
that of step S23 in the process described 1n the description
of the first embodiment.

When the autonomous vehicle 100 detects a traflic vio-
lation by a nearby vehicle 1n step S32, 1t captures an 1image
relating to that violator’s vehicle using the camera 107 (step
S33). This processing 1s the same as that of step S235 1n the
process described 1n the description of the first embodiment.

Then, 1n step S34, the autonomous vehicle 100 stores
violation information about the wviolator’s vehicle 1n the
storage unit. The violation information includes the driving,
information of the violator’s vehicle and the 1image relating
to the violator’s vehicle.

The autonomous vehicle 100 continues the violation
crackdown operation till the end of 1ts travel through the
collection section 1n step S35.

The police can crack down tratlic violations by accessing
the storage unit of the autonomous vehicle 100 to retrieve
the violation mformation stored in the storage umit.

(Modification)

The above embodiments have been described merely as
illustrative examples, to which various modifications can be
made without departing from the essence of the present
disclosure.

For example, in the above description of the embodiment,
we described that when detecting a traflic violation by a
nearby vehicle, the autonomous vehicle 100 captures an
image of the license plate of that violator’s vehicle (and an
image of the driver of that vehicle). However, there may be
cases where it 1s difficult to capture such an 1image. In that
case, the autonomous vehicle 100 may capture images of the
outer appearance of the violator’s vehicle and the environ-
ment of the violator’s vehicle and send them to the server
apparatus 200.

Then, the server apparatus 200 judges whether or not 1t 1s
possible to identily the violator’s vehicle by the image sent
from the autonomous vehicle 100. Even 1n the case where
the server apparatus 200 judges that 1t 1s not possible to
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identily the violator’s vehicle, the police can identify the
violator’s vehicle using the image provided by the server
apparatus 200, the positional information of the location at
which the image 1s captured, and, for example, information
acquired by an automatic vehicle number reading device
provided on the road.

In cases where it 1s not possible to 1dentity the violator’s
vehicle only by an image captured by only one autonomous
vehicle 100, the server apparatus 200 may cause a plurality
of autonomous vehicles 100 to capture 1images relating to the
violator’s vehicle to enable identification of the violator’s
vehicle. In that case, the server apparatus 200 may select
other autonomous vehicles 100 that are to crack down the
violator’s vehicle on the basis of the positional information
sent from the autonomous vehicle 100 that has captured the
image of the violator’s vehicle and send the selected autono-
mous vehicles 100 to the violator’s vehicle.

While in the above-described embodiments, 1images are
captured by the camera with which the autonomous vehicle
100 1s equipped, the camera used to capture 1mages 1s not
necessarlly one fixed on the vehicle. For example, an
unmanned aircrait such as a drone may be used to capture
images. The autonomous vehicle 100 may be provided with
a base for landing and takeofl of such an unmanned aircratit.

What 1s claimed 1s:

1. An iformation collection system comprising an
autonomous mobile object and a server apparatus,

the autonomous mobile object comprising;:

a driving information acquirer configured to acquire
driving information relating to a state of driving of a
nearby vehicle, which 1s defined as a vehicle present
in the vicinity of the autonomous mobile object;

an 1mage acquirer configured to capture an 1mage of an
environment of the autonomous mobile object; and

a controller configured to:
create a travel route including a collection section of

a road network in which violation information 1s
to be collected included 1n an operation command
in response to receiving the operation command
from the server apparatus;
control a traveling of the autonomous mobile object
based on the travel route;
detect a traflic violation by the nearby vehicle while
the autonomous mobile object travels along the
travel route on the basis of the driving information
acquired by the driving information acquirer; and
send violation information relating to the traflic
violation to the server apparatus, and
the server apparatus comprising;:

a control unit configured to:

create the operation command in response to a
request for collection of wviolation information;
and

send the operation command to the autonomous
mobile object; and

a first storage unit configured to receive the violation
information from the autonomous mobile object and
store 1it,

wherein when the traflic violation 1s detected by the
controller, the controller sends a captured 1mage
relating to a violator’s vehicle acquired by the image
acquirer and the driving information about the vio-
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lator’s vehicle acquired by the dnving information
acquirer to the server apparatus as the violation
information.
2. The mformation collection system according to claim
1, wherein the driving information acquirer acquires a speed
of the nearby vehicle as the driving information, and the
controller detects speeding of the nearby vehicle 1n excess of
a legal speed limit as the traflic violation.
3. The mformation collection system according to claim
1, wherein the driving imnformation acquirer senses another
vehicle to thereby acquire an inter-vehicle distance between
the nearby vehicle and the another vehicle as the driving
information, and the controller detects failure by the nearby
vehicle in maintaiming a suflicient inter-vehicle distance
between the nearby vehicle and the another vehicle as the
tratlic violation.
4. The mformation collection system according to claim
1, wherein the captured image relating to the wviolator’s
vehicle acquired by the 1image acquirer comprises an 1image
of a license plate of that vehicle.
5. The mformation collection system according to claim
1, wherein the captured image relating to the violator’s
vehicle acquired by the 1image acquirer comprises an 1image
of a driver of that vehicle.
6. The information collection system according to claim
1, wherein the autonomous mobile object further comprises
a notifier configured to provide a notice about a traflic
violation.
7. The mformation collection system according to claim
1, wherein the request for collection of violation information
includes information about a section of road.
8. An information collection apparatus comprising:
an autonomous mobile object that moves autonomously;
a driving information acquirer provided in the autono-
mous mobile object configured to acquire driving infor-
mation relating to a state of driving of a nearby vehicle,
which 1s defined as a vehicle present in the vicinity of
the autonomous mobile object;
an 1mage acquirer provided in the autonomous mobile
object configured to capture an 1mage of an environ-
ment of the autonomous mobile object;
a controller configured to:
create a travel route including a collection section of a
road network in which violation information 1s to be
collected included 1n an operation command in
response to receiving the operation command from a
server apparatus;

control a traveling of the autonomous mobile object
based on the travel route;

detect a tratlic violation by the nearby vehicle while the
autonomous mobile object travels along the travel
route on the basis of the driving information acquired
by the drniving information acquirer;

a storage unmt provided 1n the autonomous mobile object
configured to store violation information relating to the
traflic violation detected by the controller,

wherein when the ftraffic violation 1s detected by the
controller, the controller stores a captured 1mage relat-
ing to a violator’s vehicle acquired by the image
acquirer and the driving information about the viola-
tor’s vehicle acquired by the driving information
acquirer 1n the storage unit as the violation information.
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